Cross strip and cross delay line readout microchannel plate detectors in 18 mm, 25 mm and 40 mm active area formats including open face (UV/particle) and sealed tube (optical) configurations have been constructed. These have been tested with a field programmable gate array based electronics for single event encoding. Using small pore MCPs (6 µm) operated in a pair, we achieve gains of >1 x 10 6 which is sufficient to provide spatial resolution of ~17 µm FHWM with the 18 mm and 40 mm cross strip readouts. New cross strip electronics can process high output event rates (> 4 MHz) with high spatial resolution, and self triggered event timing accuracy of ~1.5 ns for sealed tube XS optical sensors. A peak quantum efficiency of between 13% and 19% at 500 nm has been achieved with SuperGenII photocathodes with response from 400 nm to 900 nm for both cross strip and cross delay line sealed tubes. Local area counting rates of up to 40 kHz (100µm spot) have been attained with XS sealed tubes, along with image linearity and stability to better than 50 µm. 25mm cross delay line tubes achieve ~50 µm resolution and > 2 MHz output event rates.
1.INTRODUCTION
We have implemented microchannel plate (MCP) imaging photon counting detector schemes [1] [2] [3] [4] [5] [6] [7] [8] for uses in many fields. The majority of these devices employ either a Cross Strip (XS) anode or Cross Delay Line (XDL) anode for position and time determination for detected events. Two types of device have been constructed, open face detectors for use in high vacuum applications, and sealed tubes with high efficiency, proximity focus SuperGenII 9 photocathodes for optical sensing. The XS anode uses charge division, and centroiding of microchannel plate charge signals detected on two orthogonal layers of sense strips to encode event X-Y position, and event times. The cross delay line anode uses two orthogonal layers with serpentine conductors to encode event positions by differences in the signal arrival times at opposite ends of the serpentine delay lines. The XDL MCP sealed tubes have been made with 25mm format and SuperGenII photocathodes achieving ~15% peak QE. The spatial resolution is ~50 µm FWHM, and event rates of more than 2 MHz can be accommodated with event time tagging to 20 ns using a clock reference, or to ~100 ps when a separate time to digital converter is used. MCP detectors with XS readout can reach values below 10 μm FWHM [5] [6] [7] , while the timing accuracy of the event detection can be as low as ~100 ps FWHM 2, 3 . However, the gain required for XS readouts is an order of magnitude lower than other high resolution readouts, such as the XDL 8 . This substantially increases the local counting rate capabilities and the overall lifetime. Open face XS detector formats of 22 mm and 50 mm have been built using pairs of 6 µm microchannel plates. High speed FPGA based electronics has allowed us to achieve ~17 µm spatial resolution with the 22 mm XS open face detector, and output event rates of ~4 MHz. Sealed tube 22 mm XS detectors have also demonstrated good spatial resolution (< 25 µm FWHM), image linearity and local counting rate capability (40 kHz in a 100 µm spot), with event timing of 1 ns using the new electronics scheme. Background rates are dominated by the thermionic noise of the red sensitive photocathodes. These detector systems may be a significant enabling technology for several important applications, high-speed adaptive optics, astronomy of transient and time-variable sources, and optical metrology. Both our XS and XDL detectors are finding uses in threedimensional imaging, time resolved astrophysical observations of dynamic objects 4 , biological single-molecule fluorescence lifetime microscopy
2.CROSS STRIP AND CROSS DELAY LINE DETECTOR SYSTEMS
Cross Strip (XS) and cross delay line (XDL) anodes are physically similar to each other, however they obtain positions of photon events differently. XS works by determination of the charge centroid across several strips, XDL uses the difference in pulse arrival times at the ends of a serpentine conductor to deduce the event position. Fig. 1 . shows an overview of the components and functionality of an XS MCP detector. In both devices the incoming photons either produce a photoelectron at the MCP input (open face), or from a photocathode deposited on the inside of the window or on the MCP (sealed tube devices). The photoelectron is then multiplied within the pores of a microchannel plate stack and the resulting electron cloud is accelerated towards, and is collected on, two orthogonal sets of metal electrodes that form the anode. To ensure that an accurate event centroid position is achieved the size of the electron cloud has to be optimized 10, 11 so that the charge impinges on several neighboring periods of the anode pattern. The XS anode (Fig. 2) is made with layers of metal and glass insulator on a ceramic substrate, producing two sets of strips in orthogonal directions. The top and bottom layers each have 50% of the exposed area, and are thus used to collect the charge from the MCPs equally. Potential crosstalk between the two orthogonal sets of electrodes is reduced by having a set of grounded strips directly below the upper strip electrodes. The pattern period for typical XS anode designs is ~0.7 mm for both the upper and lower conductor strips. The distance between the XS anode and the MCP stack is typically ~2.5 mm, and is determined by the charge cloud spread for the chosen MCP configuration. The individual anode strips are connected to the back side of the anode with hermetically sealed vias. These are connected by a "fan out" to a pad pattern for a standard signal connector. The preamplifier electronics can then be easily connected at the back side of the anode to achieving the best noise characteristics and preserve timing properties.
In the case of the XDL anode the electrodes for each axis form a continuous serpentine conductor across the whole anode. The layers and interstitial ground plane are essentially the same otherwise. Only four contacts are used, two for each end of the individual axes, allowing the pulse arrival times at the ends of the serpentines to be extracted. Typical serpentine periods are of the order 0.6mm, and these anodes are mounted about 6 mm behind the MCP stack. Both upper and lower fingers each receive 50% of the charge input.
Fabrication of XS and XDL anodes is low outgassing, refractory, and accommodates being put into sealed tube ultra high vacuum devices. XS anodes have been fabricated in a variety of sizes and shapes up to 50 mm format, and XDL anodes up to 105 mm have been constructed. XS anodes have been utilized in three detector configurations. One is a sealed tube device ( Fig. 3) with a 22 mm XS anode, another is an open face detector with a 22 mm XS anode mounted on a vacuum flange (Fig. 5) , and the third is an open face detector with a 50 mm XS anode (Fig. 6 ). 22 mm XS anode sealed tubes (3 ea) were built by Photonis utilizing the 18 mm active area Photonis standard tube design window and brazed body, which is a good match to the 22 mm XS anode readout. The tube window is 7056 glass with a SuperGenII photocathode the MCP stac mm XDL an active area an
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The electronics event encoding scheme for the XDL anodes is substantively different than that for the XS anodes. To accommodate the fast (<5ns) signals from both ends of the XDL anode delay lines in each axis we use four fast amplifier channels (MAR6 and MAR8) with bandpass filters (~100 MHz) to obtain good fidelity timing signals. At the same time we provide a charge amplifier for each axis to enable encoding of the individual event amplitudes. The fast amplified "start" and "stop" signals are transmitted to a Time to Digital converter (TDC) (Fig. 9) where the arrival times are sensed by a constant fraction discriminator. Differences in the pulse arrival times for the ends of each axis are digitized and passed to a FPGA which outputs the X, Y, pulse amplitude and time data to a parallel interface in a PC. The minimum processing time for individual events is about 140 ns with this system, and it can be used for a variety of XDL anode sizes and end to end delay times. Time stamping of events to ~20 ns is established using the internal clock reference. Much better timing is possible by using two TDC units, where the second unit is used to measure the time of the event in relation to a reference pulse (eg. Laser), rather than encoding the centroid of the event position. Timing resolution in this mode is ~50 ps. FPGA for processing of event arrival times to output event FPGA on the right. Event data (XYT) is passed to a host computer positions and event arrival times. Event data (XYT) is passed by the FPGA daughterboard which is connected to a PC DIO card. to a host computer with a PC DIO card.
4.CROSS STRIP DETECTOR PERFORMANCE
The performance of the XS detectors (Figs. 3, 5, 6 ) using the 22 mm and 50 mm XS anodes with the PXS readout electronics, has been evaluated. Evaluations include the spatial resolution, image distortion, uniform illumination fixed pattern noise, gain and gain uniformity, pulse amplitude distribution, background event rates, event time tagging accuracy, and the local and global event rate processing limits. For the sealed tubes LED sources and a 660 nm pulsed laser were used, and for the open face detectors UV (185 nm) was used. The same type of electronics was used for all the devices (2 sets for the larger 40 mm detector), however since much of the functionality is determined by the firmware algorithms used, we have employed different versions of the event encoding routines. The ability to conveniently change the firmware and processing algorithm parameters to accommodate specific performance requirements, without having to change the physical electronics layouts, is of great advantage and convenience in optimization of performance parameters.
XS Detector Event Detection and amplification
The measured quantum efficiency of the sealed tube 22 mm XS detectors with "SuperGenII" photocathodes is shown in Fig. 10 . The quantum efficiency peaks in the range 13% to 16% at ~500 nm and extends out to 900 nm in the red, as low as 400 nm in the blue and is a typical response curve for "SuperGenII" photocathodes. The gain and pulse height distrib 80v was app height distrib tubes have v lower MCP b gain and pul MCP gains in Figure 10 . Qu photocathodes 
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